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® Setting the Stage
LHC,ATLAS, and the experimental challenges

P . ® ATLAS SUSY Searches
» Strong production

» 3rd generation
» weak production

® ATLAS Exotic Searches
» Few selected results
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Experimental Setup

AC/DI/MM




The Large Hadron Collider (LHC) @ CERN
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2011 Luminosity and Data Taking
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ATLAS Online Luminosity Vs=7TeV
¢ | HC Stable Beams

Peak Lumi: 3.65x 10> cm?2 ™
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® More than 5.6 fb"! of pp collisions delivered by LHC in 2011 @ 7 TeV CM energy
® Peak stable luminosity: 3.65x10%3cm2s"! (LHC design goal: 1034)

® Maximum recorded in one day: |35 pb-! (about three times of full 2010 dataset)

® Total data taking efficiency in ATLAS: 93.5%

Till Eifert -- Status of Energy Frontier Studies at ATLAS

MAP 2012 Winter Meeting, March 8%,2012



ATLAS Detector . ...

Muon Detectors Tile Calorimeter

Nepr«<€e»

Experiment

oroid Magnets  Solenoid Magnet

SCT Tracker

Liquid Argon Calorimeter

Pixel Detector

General-purpose detector
emphasis on:

® |arge acceptance and hermeticity
e excellent jet and Et™ss resolution
® cxcellent particle identification

e cxcellent vertex reconstruction

e standalone muon measurement

B

TRT Tracker
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Typical example for the 2011 environment with high pileup
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Pileup Effects
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® Pileup = number of interactions per crossing
e 2011 significantly higher than in 2010
e tails up to 23

e [n-time pileup: many interactions in same bunch
crossing

e QOut-of-time pileup: additional interactions in
preceding bunch crossings

®  significant impact on ATLAS calorimeter reconstruction since LAr drift time
is ~400 ns (bunch spacing At = 50 ns))

® Challenging for physics analyses

e detailed simulation models <uy> and bunch train
structure

e reweight MC in analyses

e Reconstruction s/w performance improved to
accommodate Tier-0 resources

e Detector performance reasonably unaffected
® For Search analyses

e Affects mostly low pr jets, low-medium EtMiss,
lepton isolation, triggering

e Relatively small effect for most search analyses
(control-regions are more affected than signal-
regions)

Recorded Luminosity [pb ']

... the price for high luminosity

ATLAS Online 2011, \'s=7 TeV Ldt=5.2fb "

*=1.0m,<p>=11.6
— B*=15m,<p>= 6.3
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Mean Number of Interactions per Crossing

For 2012, we expect a mean number
of interactions (<p>) ~35

Till Eifert -- Status of Energy Frontier Studies at ATLAS

MAP 2012 Winter Meeting, March 8%,2012



201 I ATLAS Physics Proton Trigger Menu

(end of run L =33 | 033 cms ') .. increasing thresholds
Trigger Selection L1 Rate | EF Rate
SUSY searches Offline Selection p o aik?:z?’)s at(;l:; 5
SR: |-lepton, multilept Single leptons | Single muon > 20GeV 11 GeV 18 GeV 8 100
CR for W/Z samples Single electron > 25GeV 16 GeV 22 GeV 9 55
2 muons > 17, 12GeV 11GeV 15,10GeV 8 4
SR: multilept Two leptons
2 electrons, each > 15GeV 2x10GeV 2x12GeV 2 1.3
2 taus > 45, 30GeV 15,11GeV 29,20GeV 75 15
diphoton Two photons 2 photons, each > 25GeV 2x12GeV 20GeV SIS 5
0-lepton I\SAiE%]_Ie jet plus K/?é _?'L > ; g% GeV & 50 GeV & 35 GeV 75GeV & 0.8 18
eV 55GeV
monojet MET MET > 170 GeV 50 GeV 70GeV 0.6 5
multijet Multi-jets 5 jets, each pT > 55 GeV 5x10GeV 5x30GeV 0.2 9
TOTAL <75 ~400 (mean)
from D. Strom, Dec.7 201 1,LHCC
® Trigger menu kept ~stable in 201 | ® With increasing lumi for 2012 run will need to
® primary (physics) triggers never prescaled control trigger rates:
® supplement by supporting and monitoring triggers ® multi-object triggers (lower thresholds)
® Performance of trigger well understood ® move part of offline selection to trigger-level

® dedicated triggers for signal, control region (prescaled?)

Till Eifert -- Status of Energy Frontier Studies at ATLAS MAP 2012 Winter Meeting, March 8%, 2012
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ATLAS SUSY Search Strategy

@Strong production of SUSY particles
- Copious production at hadron colliders
- Inclusive ET™'ss based searches
- But also more “exotic” channels

- Long-lived particles
- Resonances

Production cross-section @ 7 TeV
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S OThII"d generation squarks
o2 = - Expected from naturalness to be O(<TeV)
— - Expected lighter than other squarks due
) ] to mixing
10 -3 L1 \ L1 \ | \ L1 \ L1 \ | \2 \L(\) \ L1 \ L1 —_ Dedica‘ted Searches for SpeCiﬂC ﬂnal
100 200 300 400 500 600 700 800 900
[GeV] states

average

@Weak production of SUSY particles
- Production of charginos, neutrinos, sleptons
- Relevant when colored SUSY particles too heavy
- Dedicated searches based on multi-leptons

Till Eifert -- Status of Energy Frontier Studies at ATLAS MAP 2012 Winter Meeting, March 8%, 2012



ATLAS SUSY Search Results using 2011 Data

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

2011 Data
e T 0 e e
Disappering track (jets + Etmiss) NEw  02/2012 1.02 1202.4847 Link Submitted to EPJC
Direct sbottom (2bjets + Etmiss) 12/2011 7 2.05 1112.3832 Link Accepted by PRL
§ 2photons + Etmiss 11/2011 7 1.07 1111.4116 Link Accepted by PLB
£ 2leptons + jets + Etmiss 10/2011 7 1.04  1110.6189 Link (inc. HEPData) PLB 709 (2012) 137
6 Olepton + >=6jets + Etmiss 10/2011 7 1.34  1110.2299 Link (inc. HEPData) JHEP 11 (2011) 99
§ 1lepton + jets + Etmiss 09/2011 7 1.04  1109.6606 Link PRD 85 (2012) 012006
E Olepton + jets + Etmiss 09/2011 7 1.04 1109.6572 Link (inc. HEPData) Accepted by PLB
g Electron-muon resonance (RPV) 09/2011 7 1.07 1109.3089 Link (inc. HEPData) EPJC 71 (2011) 1809
)
" 3leptons + Etmiss NEW 03/2012 2.05 ATLAS-CONF-2012-023 Link
*G-’C; Long lived Particle (Pixel-like) NEW 03/2012 7 2.05 ATLAS-CONF-2012-022 Link
_§ >=1tau + jets + Etmiss NEW 02/2012 7 2.05 ATLAS-CONF-2012-005 Link
g 2 Same Sign Leptons + jets + EtmissNeEw  02/2012 7 2.05 ATLAS-CONF-2012-004 Link
= bjets + 0-1lepton + jets + EtmissNEW 02/2012 7 205  ATLAS-CONF-2012-003 Link
- >=2laus + ElmissNEW 02/2012 7 205  ATLAS-CONF-2012-002 Link
>=4leptons + Etmiss NEW 01/2012 7 2.05 ATLAS-CONF-2012-001 Link
Add. 2leptons + jets + Etmiss interpretation 11/2011 7 1.04  ATLAS-CONF-2011-156 Link
Add. Olepton + jets + Etmiss interpretation  11/2011 7 1.04 ATLAS-CONF-2011-185 Link (inc. HEPData)
bjets + 1lepton + jets + Etmiss 08/2011 7 1.03 ATLAS-CONF-2011-130 Link
bjets + Olepton + jets + Etmiss 07/2011 7 0.83 ATLAS-CONF-2011-098 Link
1lepton + jets + Etmiss 06/2011 7 0.16 ATLAS-CONF-2011-090 Link
Olepton + jets + Etmiss 06/2011 7 0.16  ATLAS-CONF-2011-086 Link
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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ATLAS SUSY Search Results using 2011 Data

httDs://twiki.Cern.ch/twiki/bin/view/AtIasPuinC/SuDersvmmetiCResuIts

2011 Data
Disappering track (jets + Etmiss) NEw  02/2012 1.02 _j_ggg_ggﬂ Link
Direct sbottom (2bjets + Etmiss) 12/2011 7 205  1112.3832 Link
2photons + Etmiss 11/2011 7 1.07 1111.4116
2leptons + jets + Etmiss 10/2011 7 1.04 11106189 Ling” A L 37
Olepton + >=6jets + Etmiss 10/2011 7 134 1110.22827 J\QY _~12011)99
Tlepton + jets + Etmiss 09/2011 7 104 DT 4 KN A~ D 85 (2012) 012006
Olepton + jets + Etmiss 09/2011t 7 104~ _@©@Nn» === ) Accepted by PLB
Electron-muon resonance (RPV) 09/2011 7 EPJC 71 (2011) 1809

Short Title of the CONF note

3leptons + Etmiss NEW

ATLAS-CONF-2012-023  Lin!
ATLAS-CONF-2012-022 Link

ATLAS-CONF-2012-005 Link

Long lived Particle (Pixel-like) N

02/2012
02/2012
01/2012

“tmiss interpretation 11/2011

lepton denotes isolated electron or muon

2.05 ATLAS-CONF-2012-001 Link

1.04 ATLAS-CONF-2011-156 Link

6ts + Etmiss interpretation  11/2011

N NN N N NN NN NN

’ epton + jets + Etmiss 08/2011 1.03 ATLAS-CONF-2011-130 Link
\\ /—- + Olepton + jets + Etmiss 07/2011 0.83 ATLAS-CONF-2011-098 Link
\\g 1lepton + jets + Etmiss 06/2011 0.16 ATLAS-CONF-2011-090 Link
Olepton + jets + Etmiss 06/2011 0.16  ATLAS-CONF-2011-086 Link
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Expected SUSY Characteristics at LHC

R-parity conservation (RPC) RPV & long-lived scenarios => different signatures!
(see later)

% lightest supersymmetric particle (LSP) must be stable => WIMP
candidate

% SUSY particles pair produced

% Cascade decays down to LSP

Expected “typical” SUSY ]et

decay chain at the LHC jets/lepton or

depends on nature of next-
-~ E_I_miss to-lightest SUSY particle

experimental signature:
jets + (leptons) + (photons) + Ex™iss
[2 LSPs escape scape detection]

. +XO1

Squarks can be directly produced too.

If gluinos & squarks too heavy, then EW direct gaugino production becomes important. R-parity = +1 (-1) SM (SUSY) particles

Till Eifert -- Status of Energy Frontier Studies at ATLAS MAP 2012 Winter Meeting, March 8%, 2012



A typical SUSY search analysis

I. Event selection (“cut-and-count” approach) transverse scalar mass (HT)
° Based on :jets + large ET™s + |leptons/photons/bjets Hy = p{} + Z?:] P%eti
e  coherent with trigger “effective” mass (Meff):

e o = miss
° Cut sufficiently hard to reduce difficult background processes (fake Er™ss, fake Meff = H T+ ET

leptons from QCD, pile-up)

> T T I L) L) ] I T T T I L) ] ] l T T T I ] ] ] I T T T I =
. . o . “ . @ ATLAS e Data 2011 (Ns=7 TeV 3
° Enhance signal / background by cutting on discriminating variables, e.g.“effective O o Siandard ,\$|\036| V) . =
9 O } e . ~
mass S 103 JL dt=1.04 fb" E{/']VLiljtgte;[S (data estimate) —EZ
~ Bl Z+jets =
i ini £ Muon Channel L e
2. Estimate remaining backgrounds S @ single top 18
=102 @ Dibosons —
10 Saaraca ---MSUGRA m_=500 m, =330 =
° fully data-driven for difficult processes, e.g. QCD fake leptons 3J Loose Signal Region before m_ cut |5
° semi data-driven for most major processes, e.g.VV and ttbar (see next slide) =
® MC based for minor processes, e.g. dibosons 151 CECA74 4 =
3. Estimate all uncertainties ‘ j
! | ]
xperimental uncertainties: jet energy scale calibration, b-tagging etficiency,etc. o < :
PR NNy I Y Y Ns s /2 ¢/ E
. oy . . . . © .
° Theoretical uncertainties: renomalization and factorization scales, PDF, etc. O Freige e L R s :
0 PP | FRPER EPUR RPN R N P SR R
0 200 400 600 800 1000 1200 1400
4. Look at the signal-region(s): Any significant excess ? If not, derive exclusion Mg [GeV]
limits

5. Interpretation of the results in a model-independent way or within specific
scenarios (simplified models, MSSM, MSUGRA, GMSB, etc.)

Till Eifert -- Status of Energy Frontier Studies at ATLAS MAP 2012 Winter Meeting, March 8%, 2012



Example background estimates

semi data-driven for most major processes

Extrapolation (green arrows) from control to
signal region using simulation. DN CR, llep+MET+3jets (no b]e_t) Tc?p CR, llep+MET+3jets (| bjet)_
> f T T T T I T T T T I T T T T | T T T T I T T T T I T T T T I T > E T T T T I T T T T I T T T T | T T T T I T T T T I T T T T I ?
® 405 ® Data2011 (\s=7TeV)  _| @ E ® Data 2011 (s =7 TeV) ]
. g E Ldt=1.04 fb-1 — SM Total 3 g B Ldt=1.04 fb-1 — SM Total 1
Z CR2, 2|ep+ 3 jets s F =1. [CJQCD multijet ] S 10°F =1 [CJQCD multiet =
FT T T T T T 4 —~ 10 E- -W+jets BE| ~ E -W+jet5 E
% ) F | ; e Data 2011 (s = 7 TeV) = @ = Three Jet Channel B Zets 3 @ e Three Jet Channel B Z:jcts ]
o 107 Ldt=1.04f5" — SM Total E = 5[ [Jtt and single top 7 = 10°¢ [+t and single top E
S : =1 [JQCD multijet 305 F e e SM + SU(660,240,0,10)  § 5 e SM + SU(660,240,0,10) 3
% 10°E  Three Jet Channel 1o 1°'° < - ] i ]
® - ree Jet Channel g7 i E 5 102 ATLAS -
Q = =l . = 10°g E E 3
= o tt and single top - E 3 £ -
g 10F e SM + SU(660,240,0,10)  —= C . C ]
- ATLAS ] 10
108 E - :
1 = E E
E E - | P | [ 1 ;—; P [ ]
107 3 Q g +4, _____ ’ 3
: 2 2 é ......... - ...................
o 25E e K o Jiut T N s i A E
= % 500 1000 1500 2000 2500 _ 3000 % 50 1000 1500 2000 2500 3000
E + . m,, [GeV] m,, [GeV]
(m] E ) ) . ) ) 3
% 500 1000 1500 _ 2000 _ 2500 _ 3000 wW->WwW top—top
m, [GeV]
+ e > T T T T I T T T T T T T T I T T T T I T T T T I T T T T I
> 5 ' Z CRI’Y 3jetS T e//\ @ e Data 2011 (Is = 7 TeV)
§F 1 E S = Ldte1o04f’ —SMTotl
o JL dt = 1.04 fb e Data 2011 \s=7 TeV) 7 bl/ S 10°¢ =1 [JQCD multijet
S105 = — - [ W+ijets
% [ Three Jet Channel |:|y+jets | 3 104 ;_ Three Jet Channel Hl Z+jets
2104 = = E [+t and single top
s F ATLAS E I PO SM + SU(660,240,0,10)
F ] oL
10°) 3 Y ZVV 107 ATLAS
10 . E 1025 i -
of s ] Signal Region, Olep+MET +3jets
. 10g i -:
| | L E T 2
O 2'55 T T T 1 En L : PR T R ; |-- Ll
E 2;_. ............................................................................................................................................. | O 2.5: """"" l """""""""""""""""""" T e —_ o 3
15F | = s S £, E
E | i R W + f = 2 E
g 0.5§ ................................................... + ................................................................. |§ 1 51_ ................................... + ........................................... _'g
E 3 S SO Ly e 3
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srongprod - All-hadronic SUSY searches
squark + gluino production ’m‘

==> MET + jets signature Searches: | |
SM backgrounds: MET with leptons, except for Znunu+jets 1+ NO leptons + large Er™* + = 2-4 jets

==> veto leptons 2. NO |eptOnS + medium ETmiSS + > 06-8 jetS
Squark-gluino-neutralino model
' ' '_'2000 1 I LI L LI H H
Results compatible with SM only. > R\ | TTT'ATLAS Preliminary
8 | | ) ‘| 0 lepton 2011 combined
Example interpretation in simplified model, 1750 S | [ [Lat=1. 040", 1= 7TeVG y
: . . | | ' = Obs. M, =0Ge
which considers only gluino, squarks, and é | o \ -~ Exp.m . —0GeV
LSP £ 1500l [\ L TEnenme
4] » ? | == " sp
— - | mm ObS. M o, = 395 GeV
Msq = Mg = | TeV (LSP mass < 200 GeV) Z e Y T B m D ses ey
| '\ * i .
l| “\ Osusy =0.01 b]
%> ! ! " e Daazott (I\sl=]7lT:a\/l)lE ! ". e -
8105 IL dt~1.34fb —— Total SM Prediction E 1000 | ‘I l‘\‘ ]
8L, ATAS ST e .
e d e o
5103 - SSgY Point (1220,180) § 750 |
L

Multi-Jet Control Region_i

6 jets p._ > 55 GeV E 500 _ -

10
..... _— usy = 10 PP
1 ! S - ]
250 T —
10 | LEP2 q -
§ 1?’“’»10.....‘%“ ..100 g O
'g'°-5§— ................................................. O R E 0 250 500 750 1 OOO 1250 1 500 1 750 2000
05 4 6 8 gluino mass [GeV]
E’"'SS/\% (Gev”’“
JHEP 11 (2011) 99 Accepted by PLB (ArXiV:1109.6572) + ATLAS-CONF-201I-155
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http://arxiv.org/abs/1109.6572
http://arxiv.org/abs/1109.6572
http://cdsweb.cern.ch/record/1398201
http://cdsweb.cern.ch/record/1398201
http://www.springerlink.com/content/b052n30767vj2v58/
http://www.springerlink.com/content/b052n30767vj2v58/

strong prod Lepton + MET + Jets

PRD 85 (2012) 012006

For strong production with longer decay chains, where
leptons can be generated (e.g. a chargino emits a W
boson, or via sleptons), leptonic searches complement
the all-hadronic channels.

In particular, for “compressed” SUSY mass scenarios.

All-hadronic (0-lep): Er™ss + > 2-4 jets search |-lepton + = 3-4 jets + Et™ss search

800 T T I T T T T I T T T T

500 400

400 300 y -

;‘1 OOO __l ||||| | L | LI I LI I LI I LI I L) 102 3 : 1-Step Decay X_1/2 I ' ! ! ! I ! ! ! ! I ! ! ! l,-'.'
. - ATLAS Preliminary 2 o) - e ATLAS
‘a' 900 0 lepton 2011 combined . _I o — QQ—KICIGIC]WW%QZ1 ,
i O s - inati 10
© [Ldt=1.04 15", ys=7 Tev o o £ —  Combination 3
e 800 o~ 60 int SN -
o s CL, Observed 95% C.L. limit 2 g L™ =1.04 fb",\'s=7 TeV .
@ 700 . . o4 310 2 .
R S EEE CL¢ median expected limit o ] © i
------------ Expected limit 16 E g 500 E ted
600 = 35 -%\: Expecte 10
. >
— S
x
o
o
m
X
L

300

Cross Section Excluded at 95% CL [pb]

3l IlIIIIIIIIllllllllllllllllllllll

200 =

N 10" 100 o -

I

10"

\
\
i :
-

] L1 ||||||||i:11|1|1| 0
300 400 500 600 700 800 900 1000

gluino mass [GeV] . o
Color represents cross-section upper limit.
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mgluino [GeV]
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strong prod

Tau Signatures

Signal scenario: ATLAS-CONF-2011-156, ATLAS-CONF-2012-005, ATLAS-CONF-2012-002
Strong production of squarks & gluinos The Stau in each decay chain generates taus,

in GMSB with stau NLSP. which decay to:

e hadrons (65%)
e |eptons (35%)
GMSB: Mmess=250 TeV, N5=3, u>0, Cgrav=1

fan ) 50 S B B B B B I
R ATLAS Preliminary 1 Search signatures:
s=7 TeV , S LEP 95% CL (%) —] . . . .
| = OpaLoss 6L v’ 2 opposite sign el/mu + jets + Ex™=
*] Theory excl. CL 95% CL limit: v 1 hadronic-tau + Jets + Eymiss
35 __ziepons i) 3 2 hadronic-taus + Jets + ErMss
., 1 1hadronic-tau + 1 mu + jets + By
» T &m0 3 (on-going)
25 it
I L exp. limit 7
20 | =
- T, ]
15 F ~:’ -
oF ; CONLSP E Exclude A < 40-46 TeV (tanp=2-40),
- | \ i . ~ Msusy < 900 - 1000 GeV
5 i » 'i‘ i R —
C ;7 ---Il"‘l'i{ I 1 1 l l!l |- | 1 1 1 I L1 1 1]
10 20 30 40 50 60 70
A [TeV]
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strong prod

Search with 2 photons + Ex™'ss

Signal scenario: Observed and predicted ET™'ss spectrum

Accepted by PLB (ArXiv:1111.4116)

Strong production of squarks & gluinos in GMSB scenarios.

IIIIIIIIIIIIIIIlIIIIIIIlIIIIII llllllll IIIIIIIIII

>
& 104 —e— Data 2011 (\s_7TeV)
10 ' BN QCD
@ 10° I Woev+jets, W—ev+y, ttsev+X
I= Zevv+w W—>Iv+yy
o — GGM (m_'m ) = (800, 400) GeV
L 102
—— SPS8 A = 140 TeV
----------- UED 1/R = 1200 GeV
10 1
: . ATLAS JLdt= 1.07 fb
Cut Ef™* > 125 GeV sets 95% CLs limits:
: 1
|l||r|||n|
exclude GGM gluino mass < 800 GeV | mi 'Hm
107
GGM: bino-like neutralino, tanf3 = 2, cty sp < 0.1 mm e I ‘
; 1200: T T I T T T T T T T T T ] T T T T T T T = 10_2 I::i-i,: 'll
2 C ATLAS CLs expected 95% CLImit ) 2 o : 0 50 1oo 150 200 250 300 350 4oo 450 5oo
= 1100 — ATLAS CLs observed 95% CL limit E ET [GoV]
£ - I tio N T
1000 ATLAS CLs observed 95% CL limit (36 pb ™) =
- —e— CMS observed 95% CL limit (35 pb ™) g
900 e
800 N
200 Ldt=1.07 fo'' 3
- \s=7TeV I
600 =
.:/" —e J
500F- g NLSP =
400_ 1 ] | 1 1 1 1 | 1 1 |

1 I 1 1 1 1 I 1 1 | 1 1
200 400 600 800 1000 1200
m, [GeV]
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RPVLL

Displaced Vertex

strong production, but with long-lived SUSY particles (RPV, GMSB, AMSB models)

PLB 707 (2012) 478

displaced
vertex
. -
primary &
vertex
O(10) mm
RPV, decay of LSP Search for displaced vertices -
.’ r limit on oxBR n
® trigger on muon e many tracks grl?lir)zu tralitng i f(;:ime’ depends
® select vertices ® |arge vertex mass s '
— T T T T I X — I] T T T T TTTT T T T T TTTT T T T T TTTT
E l 1.6 810° = E
2 L - —=— 700 GeV §, 494 GeV z‘:
£ 102 - 1.4 E ol —&— 700 GeV §, 108 GeV |
x 12 C1O S —— 1.5TeV§, 494 GeV Y
5 . o C g 70 ]
g = —=o— 150 GeV q, 108 GeV X, ]
. . 1 8 Jo PROSPINO: o(m_ =150 GeV) *
: = Signal region @ TOE N e PROSPINO: o(m, = 700 GeV)
10 = 0.8 0
z ATLAS 06 8 1
. = det:ss pb” |
Main backgrounds: 504 y
g ) . 1 @ Data 2010 E 10 -
® hadronic interactions with Wsonave | 2 JLat=33p -
I L L Lo | L L I s, L L i
detector material N > 5 aseren 2 wam 1024 - e -
® veto based on vertex position Number of tracks in vertex ot [mm]
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V' Disappearing Track

strong production, but with long-lived SUSY particles (RPV, GMSB, AMSB models)
disappearing (kink)

Submitted to EPJC (ArXiv:1202.4847)

track
-
-
-
-
O(100) mm
AMSB, neutralino and Search for disappearing track Exclude chargino mass < 90.2
chargino are nearly mass ® high pT track with a small GeV, for a lifetime 0.5-2 ns.
degenerate number of TRT hits
/,%ﬁdeca}’inginto%oﬂri 9 ST - S S S .
@ g — cs’i;aMc 3 2 3 MAMSB (LLOT: m_=32TeV, m=1.5TeV, tarp=5, u>0) E
. . — 4l i & _-" ——&—— Observed 95% CL limit
high-p charged 1 10" ] AMSB LL E .0 ! i &
iritgerai{ilclga\f&ifh "?;r"?(l:neaterial g ATLAS %, decay :)a1dius <863mm g " e— ety
1 03 L 1 _ * 1 = \ Expected (+15) 7'
E E 8 E --------------------- Expected (+20 ) E
low-p; charged particle scattered 10° E| 8 N i
in materials resulting in badly f Ldt=1.02fo" 3 S i
measured track py 10 - N T ‘
\s=7TeV 100 & N LLo1 3
reconstructed track 1 - e < ]
true particle track 10" - ATLAS 1
Pixel SCT TRT } - Z ‘ - i B 7T V, Ldt=1.02 fb1 |
10°% 5 10 15 20 25 30 35 10° F e I 3
Noter 10 1 10 10°
T [ns]
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RPVLL

Stable Massive Particles

strong production, but with long-lived SUSY particles (RPV, GMSB, AMSB models)

stable massive
particle

penetrate
a detector

> O(1000) mm decay length

Search for calorimeter energy deposits in empty

J Long_”\/ed S|eptons or R-hadrons (g|uino or bunches: EXClUding glUinO'based R-hadrons with
squark binding with other quarks). masses less than 341 GeV.
) L T epected Limit £ 26|
: . : : : - [ Expected Limit+ 16
v’ depending on nature/interaction/lifetime = i AT_"AS — AN
|d produce Z? Leading Jet Energy > 100GeV _ | .
cou N oo
) ' . . o o| ets = m==m xpected Limit
» large ionization loss in track detectors e 10
» long time-of-flight in calorimeters o B
» heavy-like muons (staus) seen in muon g I
spectrometer -
» large calorimeter deposit in empty bunch - (s 7TeV .
Crossings f Ldt=31pb’ ‘
S R Ly by v | TR BT R
—> I\/Iany dedicated searches 1055 200 250 300 350 400 450 500 550 600

Submitted to EPJC (Arxiv:1201.5595) M; (GeV)
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strong prod.,

g Searches for 3™ gen. squarks

39 generation
/‘%}][ e<a7lfn1, 4/'vc_+ ha um/ S USl/fLM o Main motivation for TeV-scale SUSY is solving
— J T hierarchy problem
e [f SUSY solves the hierarchy problem
o‘”)er' " naturally, then 39 gen. squarks must be light
500 \» g Sferving 9
. v Signature: exactly 2 b-jets + MET

koo _)(Ti,L t o, LL => make use of flavor tagging
V - > 350 _bb ;l)rcldllJc;ioln,lal—)IbL%L 1 L, Observed L_'amfn (95% C.L) =
1\, ) - 1 aeesnea CL, Expected Limit (95% C.L.) -
(2 — /L '_3;5 E e CL, Expected Limit+1c .
7 £ 20 o 265 7 £ 16.NLO scale unc. E
- [ D052 -
250 — —
Taken from Nima Arkani-Hamed n o ATLAS N
u &%, JL dt=2.05tb"\s=7TeV N
200 - Q&o“o . e,
- ok E
150 :_ ‘0}.,.' _,m--------\' _:
Exclude sbottom mass < 380 GeV for 1o < O ¢
u :._.B.e“f_?rence point Y -
neutralino masses up to ~ 100 GeV 50 S 13
Accepted by PRL (Arxiv:1112.3832) T T o

0
100 150 200 250 300 350 400 \z} 0
m. [Ge
1

Search effort for direct stop pair production on-going, expect results soon.
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strong prod.,

ween  Gluino mediated 3" gen. squarks

ATLAS-CONF-2012-003

Signature: O-lepton + several b-jets + MET Signatures:
=> make use of flavor tagging v 1-lepton + several b-jets + MET
v 2 same-sign leptons + several jets + MET

g- 5 B b, productlon b~ b+, IL dt = 2.05 fb',\'s=7 TeV _ g g productlon 9—>ttx JL dlt =2. 0.5 b, \'s=7 lev 1
;‘ 1100 | I LI l LI I 1 I LI I LI I LELLEL | LELELEL I. I‘I Ll I°| LB % | éLS Observed Hlmlt I
o ATLAS Preliminary CL Observed Limit (95% C.L.) o) 350~ . ... CLs expected limit
g o0 -— 7 L CL, Expected Limit (95% C.L.) —_— T Expected CLs limit +1o
L0 Olepton,3jets . CL. Expected Limit +1 3 A ; 1/
£ 900 b-jets combined s Expected Limit +1c é 300 1 lepton plus b-jets 2.05 fb/

- ATLAS Preliminary

L -b
250 2-lepton SS, 4 jets X
mg >>m; >mg

(x ) = 60 GeV, mﬁ )>>m(Q)

I ATLAS B b, 205fb‘

[ ] ATLAS g, — bp 35 pb"
[ |CDFbp,2.65fb"

Bl Dobp 5210
[JCDF§§, —»bp2st’ .-

800

700

600

500

Maximum cross section [pb]

400

IIIIIIIIIIIIIIIIII

300

—
Q

?00 200 300 400 500 600 700 800 900 1000 1100 ul
m; [GeV] 400 450 500 550 600 650 700 750 800

n1§[GeV]
Exclude m(gluino)<900 GeV for Exclude m(gluino)<700 GeV for
m(sbottom) up to ~ 800 GeV m(stop) up to ~ 150 GeV
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Searches for weakly produced SUSY

ATLAS-CONF-2012-001, ATLAS-CONF-2012-023, ATLAS-CONF-2012-004

Signal scenario:

Weak production of charginos and Search signatures:
neutrlinos. Assume decay proceeds via sleptons v =4 leptons (el/mu) + Er™ss [+Z-veto]
(=> leptons + MET signature). J 3 Ieptons (el/mu) 4+ Eqmiss [+Z—veto]

v’ 2 leptons (el/mu) + Jets + Eq™miss
More dedicated gaugino/sleptons searches

underway.

e RN EA N R P L" =206 fo!, Vs =7 TeVv
;‘ 500 ::1l LI I LI I L I1| 1 |1| I UL I LI I LI I UL I LI I UL 3
S as0 £ ATLAS Preliminary &
Nl E &
€ 400 m.=m, 4 R
[ 1 % g
350 B m. = (Mo + mo)/2 | =
- B % 2 - .8
300 — =
~  —— Observed 95% CL E)
250 = Expected 95% CL i
200 - ... Expected + 1o _5
— Y Reference point — §
150 n
= 0
— o
100 |— o
= (&)

50 :_ 10-1
:l L1 1 I 1
0 0 50 100 150 200 250 300 350 400 450 500

mi: [GeV]
Exclude chargino1/neutralino2 masses up to ~250-300 GeV
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Mass limits approaching TeV-scale

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec. 2011)

l]lIlllI 1 lllllll' 1 IIIIIIII 1 L

MSUGRA/CMSSM : 0-lep +j's + E; e q =g mass
. ATLAS
MSUGRA/CMSSM : 1-lep +j's + E niss q =g mass Preliminary
MSUGRA/CMSSM : multijets + E 6 gmass (for m(q) = 2m(g))

det =(0.03-2.0) fb"
1s=7TeV

Simpl. mod. : 0-lep + 's + Ey e, G=gmass (light7,)

Simpl. mod. : 0-lep + j's + E s qgmass (m(g) < 2 TeV, light i?)
Simpl. mod. : 0-lep +j's + E e gmass (m(q) <2 TeV, light i?)
Simpl. mod. : 0-lep + j's + E e Gmass (m(g) <2 TeV,m(%,) < 200 GeV)

Simpl. mod. : O-lep +j's + E

T miss

gmass (m(q) <2 TeV, m(i?) < 200 GeV)
Simpl. mod. (g— oy ) : 1-lep +j's + E; miss g mass (m(i?) < 200 GeV,Am(i’.io) / Am@.io) >1/2)

Simpl. mod. : 0-lep + b-jets + 's + Ey e g mass (m(b) < 600 GeV, light7,)

T miss

Simpl. mod. (§—>tf’i?) :1-lep + b-jets +j's + E
Simpl. mod. (B,—> bif) :2b-jets + E

g mass (m(i?) < 80 GeV)

T miss

b mass (m(i?) < 60 GeV)

SUSY

Simpl. mod. (%%, — 317,) : 2-1ep SS + Ey e
GMSB . 2‘Iep OSSF -+ ET'miss
GGM + Simpl. model : yy + Er .

ISS

~t . ~0 o ~t ~0
%, mass (light .., m(l) =-21(m(x1) +m(%,))
g mass (corresp. to A < 35 TeV, tanp < 35)

g mass (m(bino) > 50 GeV)

GMSB : stable T T mass

AMSB : long-lived ¥, %, mass (0.5 <7(X,) <2ns)
Stable massive particles : R-hadrons g mass

Stable massive particles : R-hadrons b mass

Stable massive particles : R-hadrons t mass

Hypercolour scalar gluons : 4 jets, m, = m,, sgluon mass (excl: Mgy < 100 GeV, mgy= 140+ 3 GeV)

RPV : high-mass ep v, mass (4;,,=0.10, 4,,,=0.05)

Bilinear RPV : 1-lep + j's + E e Q=g mass (ct gp < 15 mm)

1 lllllll 1 1 llllllI 1 1 lllllll 1 1 L1l

10" 1 10
Mass scale [TeV]

*Only a selection of the available results leading to mass limits shown
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ATLAS Exotics Search Results using 201 | Data

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

Papers with 2011 data
SUSY searches look at , , A S 4 ‘
. Search for a light Higgs boson decaying to long-lived weakly-interacting particles in proton-proton collisions at  submitted Plots and more Info;arXiv:1203.1303 1.94/fb March
many final states that i to PRL 2012
. sqrt{s} = 7 TeV with the ATLAS detector
ove rl d p Wlth Oth er BS M Search for new particles decaying to ZZ using final states with leptons and jets with the ATLAS detector in submitted Plots and more Info;arXiv:1203.0718 1.02/fb March
% to PLB 2012
Sea rCheS - sqri(s) = 7 Tev proton-proton collisions{w
Search for down-type fourth generation quarks with the ATLAS Detector in events with one lepton and high submitted Plots and more Info;arXiv:1202.6540 1.04/b February
. 5:’?? to PRL 2012
However, some f|na| transverse momentum hadronically decaying W bosons in sqrt(s)=7 TeV pp collisions
Search for same-sign top-quark production and fourth-generation down-type quarks in pp collisions at sqrt(s) = submitted Plots and more Info;arXiv:1202.5520 1.04/fb Februa
states not covered, for R ¢ ype quarks inpp U= | o | | ot
) 7 TeV with the ATLAS detector*w?'&
example:
. Search for pair-produced heavy quarks decaying to Wq in the two-lepton channel at sqrt(s) = 7 TeV with the submitted Plots and more Info;arXiv:1202.3389 1.04/fb February
- Monojets (Large extra K to PRD 2012
. . ATLAS detector
dimensions) | | | | . i
Search for Pair Production of a Heavy Quark Decaying to a W Boson and a b Quark in the Lepton+Jets submitted Plots and more Info;arXiv:1202.3076 1.04/b February
- " ™ to PRL 2012
Resonances (I l ’ tt’ YV’ ”) Channel with the ATLAS Delecto&ﬁt
- and more. Search for excited leptons in proton-proton collisions at sqrt(s) = 7 TeV with the ATLAS detector submitted Plots and more Info;arXiv:1201.3293 2.05/fb January
to PRD 2012
Search for anomalous production of prompt like-sign muon pairs and constraints on physics beyond the submitted Plots and more Info;arXiv:1201.1081 1.6/fb January
Standard Model with the ATLAS detector to PRL 2012
Search for heavy vector-like quarks coupling to light quarks in proton-proton collisions at sqrt(s) = 7 TeV with submitted Plots and more Info;arXiv:1112.5755 1.04/fb December
the ATLAS detector to PLB 2011
Search for first generation scalar leptoquarks in pp collisions at sqrt(s)=7 TeV with the ATLAS detector Published Plots and more 1.03/fb December
in PLB Info;arXiv:1112.4828;Phys. Lett. B709 2011
(2012) pp 158-176
Search for contact interactions in dilepton events from pp collisions at sqrt(s)=7 TeV with the ATLAS detector submitted Plots and more Info;arXiv:1112.4462 1.08- December
to PLB 1.21/fb 2011
Search for production of resonant states in the photon-jet mass distribution using pp collisions at sqrt(s) =7 submitted Plots and more Info;arXiv:1112.3580 211/ December
TeV collected by the ATLAS detector to PRL 2011
Search for Extra Dimensions using Diphoton events in 7 TeV proton-proton collisions with the ATLAS detector  Accepted Plots and more Info;arXiv:1112.2194 212/ December
by PLB 2011
Search for Strong Gravity Signatures in Same-sign Dimuon Final States using the ATLAS detector atthe LHC  submitted Plots and more Info;arXiv:1111.0080 1.3/fb October
to PLB 2011
Search for new phenomena in ttbar events with large missing transverse momentum in proton-proton collisions published Plots and more 1.0/fb September
at Vs= 7 TeV with the ATLAS detector in PRL Info;arXiv:1109.4725;Phys. Rev. Lett. 2011
108, 041805 (2012)

Check webpage (see above) for complete list (!)
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ATLAS-CONF-2011-096

Monojet Search

. L4 . -' + miss L) 4 I I I I l I I I I | I I 1 I I 1 I 1 I I I I I I | 1 I
Signature: |-jet + E N | > 10 " datn 2011
(veto leptons, veto additional jets) O ATLAS Preliminary Total BG
..g 103 » CJZ(—>vv)+jets
3 Ldt=1fb W (>1v)+jets
. . T (_JacDh
® Main background: = 10 \s=7TeV [T z(-l)+jets
3 i
15 e e ADD (n=2, M_=2.0 TeV)
® Znunu + jets: estimated with MC RN T ADD (n=6, M,=1.5 TeV)
: : : : p
normalized to data in control region with T

—

identified leptons

—
<Q

e LED (ADD):
— Graviton escapes detector

—
Q
N

o IIIII T IIIIIIII T IIIIIIII I lIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII

N
o

300 400 500 600 700

ET* [GeV]
e Split SUSY

> 5: I | T T T =

£ 45F j y . E

. . ) e = Ldt=1fo ATLAS Preliminary I

® Model independent: pair production of WIMP E  4F ey o ATLAS 2011 =
DM particles + one ISR jet g 35 Ns=rIeV L GOF run I E
—OD 3= e LEP combined —

£ asf :

o — ]

ADD LED, exclude: 12; ,,,,,,,,,,,,,,,,,,,,,,,,,, E
MD between 32-20 TeV .13 ............ E”“wmwww“ﬁ;;;;;;;;;;;_j;;;. .............. ,E
for n from 2—6 0_55_ S _i
0 3 4 5 6

Number of Extra Dimensions

Till Eifert -- Status of Energy Frontier Studies at ATLAS MAP 2012 Winter Meeting, March 8%, 2012


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-096/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-096/

Dilepton Resonances (Z£’)

ATLAS-CONF-2012-007

1 . 9 107 T T T T LA B T
° Vgry clean s'lgnatures. 2 ATLAS Preliminary | Dsia 207
2 isolated high pT ee or yp T . Diboson
10 ILdt=4.9fb' Wi
o EW-+jets
1 is =7 TeV JQCD multijet
° . . e C1Z(1500 GeV)
Dominant background: Z/y — || (Z(1750 GeV)
e [C1Z'(2000 GeV)
10
® Consistent with background only :
10!
1072
MZ, > 2.2 Tev -3 ] ] 1 ] R |
3 N Ll Ll 1 Ll L] Ll l T |l 1 |l ] Ll L] |l L] I L Ll Ll L] I L] Ll L] T - 10 100 200 300 1000 2000
%‘ - ATLAS Preliminary ___ goecred limit m,. [GeV]
o | E \*,s= 7 TeV W Expected+ 16 3 @ 10 . ——— .
- Al Expected+ 20 ] & 10° ATLAS Preliminary 2 Data 201"
— Observed limit w [JDiboson
107 . = 10° J _ -1 I
; ~Zea ° Ldt=5.01fb -
- .z ] s o £JQCD multijet
1 —Z - " Vs =7TeV DI muttiet
102 ¥ — (1Z'(1750 GeV)
= = 102 )Z/(2000 GeV)
N v - 10
103 ———— = 1
Eee:JLdt=4.9 b =
o ] 10"
- p:det:S.Ofb" -
10-4 P b T T W ST SR W T ST TN TN W AT TN T N 1 1 10 ﬂ
0.5 1 15 2 2.5 3 SF o |
m [TeV] 10°"""00 200 300 1000 2000

m,, [GeV]
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Lepton-Neutrino Resonances (W)

Phys.Lett.B 705 (2011) 28-46

® Main backgrounds: 2 107 T iAs | e Dwazom 3
. 6 , W(500) __
SMW, QCD (estimated from data) & 10 W S ev Swioe T
10°E \s=7TeV [Jw/(2000)
10'E [Ldt=1.04fb" E;V =
® Reconstruct transverse mass: 10°E Ettbaf -
= Diboson 3
| 102;5 ]acp E;
mr = \/ 2prEr(1 —cosA¢, ET) 10f g
16 .
10'1_E -
Mw > 2.15 TeV T -
'E 1 - ] 1 1 1 T I T T I 1 I 1 T T I I T 1 1 T I —
2 - ~-e- NNLO theory 1 my [GeV]
né - —e— Observed limit | £ 107 1 L Daasott 3
. Expected limit - Q e C\VTLAS CWis00) _;
101 W Expected+ 16 _ H oy [CJw(1000) =
- Expected + 26 ; 10° \s=7TeV [Jwi2000) g
E : 10°B [Ldt=1.04fb" E;" -
n | 3L B ttoar 7
10 EE [ ] Diboson Eg
102 E 102 Caco
- - 10 =
- ATLAS . £ =
- W S 1y . e E
10 Ns=7TeV, [ Ldt=1.04 b ~ 10—15 1'—‘
- I S T T T SN TN T TN AN SN SO A SO AN SO SR SO S = 10'2 L l L L L — -.1-'-'
500 1000 1500 2000 2500 107 10°

my [GeV]
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Dijet Resonances as Probes of NP

Phys.Lett.B 708 (2012) 37-54

Limits set on models:
q”, axigluon , color octet scalar

Fit mj spectrum, data well
described by smooth fit function

& I T T T T T T ' -] 'E - I I I I 1 I I | ] 1 I I | I 1 | ' =

S 10°H ATLAS = Qo i N -

> 2 = 3 ——— 49 a

WL e Data _‘ < 10°¢ A -

107 = % - —e— Observed 95% CL upper limit -

. — Fit - o o N Expected 95% CL upper limit

10°E E 10°E N\ 68% and 95% bands E

- | - - N\ -

- Ns =7 TeV i - “\\ i

10% 1 3 5 7

= ILdI:‘I.Ofb E 10 \\ -

10? 1%' ; \ ‘\\ ATLAS §

1= 4 - 1 “\\ [Ldi=10M" -

- g - \s =7 TeV .

107 L P .

100 e E

@ T ettt MM Ho—] : :

c 2r = e i

$ O?r“'i‘r—'-"r.' - 102 N E

.5) -2; ) | ! L. . | .l 1 L. l L. P l 1 . l—— : | l | 1 | | l 1 1 | | l 1 LS J | l :

@ 1000 2000 3000 4000 1000 2000 3000 4000
Reconstructed m, [GeV]

Mass [GeV]

Dijet masses up to ~4 TeV are observed in the data,
and no evidence of resonance production over
background is found.

Excited quarks (g*) are excluded for masses s 3 TeV

MAP 2012 Winter Meeting, March 8%,2012
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ATLAS searches for new phenomena other than SUSY

Extra dimensions

v’ Ci

LQ

4-th gen

Excit. ferm.

Other

*Only a selection of the available mass limits on new stales or phenomena shown

Large ED (ADD) : monojet
Large ED (ADD) : diphoton

RS with k/M_, = 0.1 : diphoton, m
RS with kIMP, = 0.1 : dilepton, m
RS with k/My, = 0.1 : ZZ resonance, m,,
RS with g /g =-0.20 : tt - II+X, H o+ E; s
diEntum black hole (QBH) : md’et, F(x)
QBH : High-mass o, ,
ADD BH (M,,, /M ,=3) : multijet, £p . N s
ADD BH (M, IMy=3) : SS dimuon, N, ...
ADD BH (M., /M_=3) : leptons + jets, ).‘pr
qqqq contact interaction : F,(m, vm)

qqll contact interaction : ee, ppu combined, m
SSMZ':m,, .
SSM W' My,
Scalar LQ pairs (S=1) : Kin. vars. in eejj, ev]j
Scalar LQ pairs (f=1) : kin. vars. in pujj, uvij
4" generation : Q Q,— WqWgq
4" generation : J u,— WbWb
4" generation : d 3 — Wiwt

Ilmo ah >tt+AA 1Iep+Jets+Ermlss
- Excited quar(i(s v-jet resonance, m :
e

Excited quarks : dijet resonance, m,
Excited electron : e-y resonance, m,.
Excited muon : pu-y resonance, m.
Techni-hadrons : dilepton, m_, .
Major. neutr. (LRSM, no mixing) : 2-lep + jets
W; (LRSM, no mixing) : 2-lep + jets

H~ (DY prod., BR(Hi —uu)=1) : SS dimuon, m.,
Axigluons : md"el
Vector-like quark : CC, m,
Vector-like quark : NC, m,,

Till Eifert -- Status of Energy Frontier Studies at ATLAS

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: La Thuile. 2012)

1

T T T T T Tl lllllll | LR

2TV My (6=2)

_ M (GRW cut-off) ATLAS
L5110 (2041) farxhvetinatae) T q2a ey Compact. scale 1/R (SPS8) Preliminary
m Graviton mass

8V Graviton mass J.Ldl =(0.03 - 5.0) fo!

fs=7TeV

67TV A\

L=1.1-1.21" (2011) [arXiv:1112.4462]
L=4.9-5.0 " (2011) [ATLAS-CONF-2012-016)
L=1,0 o (2011) [arXiv:1108.1318]

10271e¥ A (construclive int.)

2217ev  Z' mass
215Tev. W' mass
e60Gev 1° gen. LQ mass
ssscev 2" gen. LQ mass
asoGev. Q, mass

L=1.0 1o (2011) [arXiv:1112.4828)
L=1.0 fo” (2011} [Prefiminary)
L=1.0 o™ (2011) [arXiv:1202,3389]

L=1.0 o™ (2011) [1202.3076) 404 GeV. U, Mass

L=1.0 fo” (2011} [Prefminary] 480Gev. d, mass

L=1,0 " (2011) [arXiv:1109.4725) 420 Gev. T mass (m(A 0) < 140 GeV)
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Expected LHC Operation

5 W.J. Stirling, private communication WJS 2010
L L) L) L) L) LI ll L) L) L) L) LENLLJ ll L)

2012 E ratios of LHC parton luminosities:
® Beam energy: 4 TeV (s = 8 TeV) 4E 8TeV/7TeVand9TeV/7 TeV

® [uminosity goal: O(20 fb) R

e Peak luminosity: up to 6x1033 s~ 249

e Pileup <mu> ~ 35 () E T ok

2013/2014

® |ong shutdown (~ 20 month)

® upgrade the LHC machine to reach (almost)
the design collision energy and higher
luminosity.

2015-2017

® Beam energy: ~6.5 TeV

® Peak luminosity: ~ 1x10%4 1]

e Pileup <mu> (?) " :\;I): (GeV)

w

luminosity ratio
\}

MSTW2008NLO 1
'l 'l i1 ' 'l

1000

/->8 TeV energy increase will effectively
iIncrease gain for Mx = 2 TeV by a factor
2-3
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T e\ e
Summary

ATLAS is mining its data for the expected and the unexpected

e summer 2011 dataset ~fully analyzed
e first full 2011 data results being published

Searches for Supersymmetry

® wide and complementary search coverage of SUSY signatures

® generic strong production (gluinos, squarks): mass limits at the TeV-scale

® 3rd generation squarks: sbottom mass > ~400 GeV, stop searches underway

® weakly produced SUSY particles (charginos, neutralinos, sleptons): first limits up
to 300 GeV, dedicated searches on-going

Searches for Other New Phenomena

® |arge search effort to cover all possible signatures

® [Exclusion reach between ~300 GeV and 10 TeV obtained
e F[irst full 2011 data results: Mz>2.2 TeV

No new physics yet, expect

® -~3-4 times more data in 2012,

e with 8 TeV collision energy (factor ~2 gain for Mx ~ TeV searches)
® challenging for triggering, and pileup




Backup



Brief SUSY Reminder

Standard Model (SM) of particle physics remarkably successful (!)

Why new physics then ? Supersymmetry (SUSY) adds a new fundamental boson
fermion symmetry

V' This solves the Higgs fine tuning problem of the SM

V' Can unify gauge couplings at GUT scale

v’ can provide suitable Dark Matter candidate

® Dark Matter SUSY mass scale should not exceed a few TeV

® Gauge hierarchy problem
(fine tuning of Higgs mass)

® Grand unification of forces

Minimal Supersymmetric Standard Model
(MSSM) particle content

» SUSY particles with “~” on top

blue: spin-0

red: spin-1/2

green: spin-1

vellow: spin-2, pink: spin-3/2

Higgs sector expanded

all scalar particles with same e-charge, R-
parity and colour qguantum number can mix

VvV vV vV v v Vv

Minimal Supersymmetric Standard Model (MSSM)
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A few examples of pileup effects in ATLAS

e Significant impact of pileup on electron ID
Will re-tune cuts for 2012

Effects will increase 2012 due to higher mu!

e (Calorimeter isolation versus out-of-time pile-up

Simulation doing good job modeling these effects

o2008 COSMIC MUONS

EM BARREL LAYER 2

: . ® Prediction

E Calorimeter bipolar pulse shape:

/

T 1 e Data
— © % v (Data-Prediction)Max(Data)

J0.04
—10.02

3-0.02
1.0.04

0 100 200 300 400 500 600 700 800
Time [ns]

: average pile-up is zero over

~ 600 ns (12 bunches).
Well described by MC (!)

Isolation energy [GeV]

Illllllllllllllllllllll TTT

o\'? 105:I T ] LI I LI I LI I LI I LI LI I LI I LI I LI |:

> 1005 ATLAS Preliminary JLL dt=4.71" =

3] - 2 s o o ’ -

S 90fs 3

c = Lay & 4 4 -

S - & 4 A =

= 85 o A -

O - 4 # -

S 80 B om —

o - 2R Emp g, " =

o 75 W E -

= 5 3

s 70k =

W 65 MC Loose++ & MC Medlum++ 0 MC Tight++ —=

> Data Lposerrs, 4 Paia Medium++ = Data Tight++

60 2 6 10 12 14 16 18 20

Beginning of the train: no cancellation Number of reconstructed vertices
from previous bunches ] L R

® 2011Data(Z—>ee)J~Ldt—3fb
A Simulation (shifted by 800 MeV)

;. . Largegap 8 BCID gap
A®
., ATLAS Preliminary

Ill|IIIIllllllllllllllllllll—

From |2 bunches inside the
train: full cancellation

—IlIIIII

|
300

Till Eifert -- Status of Energy Frontier Studies at ATLAS

Bunch crossing 1D

MAP 2012 Winter Meeting, March 8%,2012



QCD Estimate in all hadronic SUSY Search

Fully data-driven method to estimate QCD multijet background

> 1W0grmrrrrrrr T BRI BLNLELLEN BN

. . . @ e Data 2011 (Is = 7 TeV)
|. Determine the jet response function R from S w:E (R R Y- 3
I M g 51 3 W+jets E_
dijet balance and 3-jets mercedes events. g OF Theestohwel maee
E 10° E e gl\jlm+ 53(62(;?240,0,1 0 3
10° 3
2. Take a control sample of multijets with small 1
MET. ;

3. Smear each jet by its response R.

SEED 500 1000 _ 1500 -”-.20'6.6 55003000

/,_--- '\ /° °\ m,, [GeV]

%‘ 3 P QYA

\ Smearing\__ / é - Three Jet Channel =¥j£;s —i.

— I = E [+t and single top 3

AT o e SM + SU(660,240,0,10) 7

. . . 10°g E

4. Normalize the shape obtained in a QCD ; ATEAS :
. . . : 10°g E

enhanced region with low Ad(jet, ET™%) < 0.4 : 5

10 3

° o 1: ..é E L | |_

5. Propagate to signal region > g el T R
g TS + __________________

< T s 7% 3 E

% 500 1000 1500 2000 2500 _ 3000

m,, [GeV]
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Latest public SUSY Et™ss search results

for various SUSY scenarios Rel.16, (1-2) fb! results

T

- : heavy colored objects, decaying | Accepted by PLB (ArXiV:1109.6572)
+ miss + > 7). -
§ 0 leptons + Er = 24 jets semi-invisibly w/ large mass splitting b + ATLAS-CONF-2011-155
S
| 5
g 0 leptons + Et™iss//HT + >6-8 jets Long decay chains 1.3 fb-! JHEP 11 (2011) 99
o
|-
E - . cascade decays with intermediate X
g | lepton + Et™** + > 3,4 jets charginos/sleptons | fb PRD 85 (2012) 012006
)]
)
(v} . . .
S | intermediate charginos/sleptons; X PLB 709 (2012) 137
= 2 leptons (SS/OS) + Er™* direct gaugino production | fb + ATLAS-CONF-2011-156
5
.§ multileptons (>=4) + EyMiss direct gaugino production 2 fb-! ATLAS-CONF-2012-001
o
§- 0 (1) leptons + b-jets + Exs gluino mediated 3" gen. (sbottom, 0.8(1)fb" ATLAS-CONF-2011-098,
- Pto k T stop) ' ATLAS-CONF-201 1-130,
O leptons + ETmiss + 2 bjets direct sbottom production 2 fb"! Accepted by PRL (ArXiv:1112.3832)
2Y+Eme GMSB with neutralino NLSP | o' | Accepted by PLB (ArXiv:|111.4116)

incomplete list: RPV, long-lived, and exotics searches not shown.
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http://arxiv.org/abs/1109.6572
http://arxiv.org/abs/1109.6572
http://cdsweb.cern.ch/record/1398201
http://cdsweb.cern.ch/record/1398201
http://www.springerlink.com/content/b052n30767vj2v58/
http://www.springerlink.com/content/b052n30767vj2v58/
http://prd.aps.org/abstract/PRD/v85/i1/e012006
http://prd.aps.org/abstract/PRD/v85/i1/e012006
http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://www.sciencedirect.com/science/article/pii/S0370269312001177
http://cdsweb.cern.ch/record/1398247
http://cdsweb.cern.ch/record/1398247
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1369212
http://cdsweb.cern.ch/record/1369212
http://cdsweb.cern.ch/record/1383833
http://cdsweb.cern.ch/record/1383833
http://arxiv.org/abs/1112.3832
http://arxiv.org/abs/1112.3832
http://arxiv.org/abs/1111.4116
http://arxiv.org/abs/1111.4116

SUSY Searches for 3™ gen. Squarks

3rd generation

* Main motivation for TeV-scale SUSY is
solving hierarchy problem

e |f SUSY solves the hierarchy problem
naturally, then 3 gen. squarks must be light

Possible search strategies:

» If gluino is light enough => dominant process
» gluino pair production
» glu -> b+sbottom, glu -> t+stop
» search for b-jets + ETmiIss + jets

» If not and only 3 gen. squarks are light

» sbottom pair production => 2 b-jets + MET
» stop pair production => several decay chains

depending on mass hierarchy

[Soe

(20

& S_Fefmoqj J
| %’t bk
V ~
b
— h
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More “exotic’ final states ...

strong production, but with long-lived SUSY particles (RPV, GMSB, AMSB models)

disappearing (kink) stable massive
track particle
displaced
vertex
orimary @’ penetrate
vertex a detector
0(10) m O(100) m O(1000) mm decay length

Long-lived particles occur naturally in some models:
® very small mass splitting (AMSB)

® very small coupling (GMSB)

® 3-pbody decay via very heavy particle (split SUSY)
e RPV coupling 10®7) => long-lived LSP
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What’s next !

Given that no new physics signal has been found yet.

e 2012
® Much more LHC data, and slight increase in collision energy
® Maximize search coverage using:
® dedicated analyses to target challenging signatures (thus more exclusive searches)
® improve analysis techniques (inclusive & exclusive searches)
® 2014+
® LHC increase to design collision energy /s ~ 14 TeV
® opens sensitivity to discover new heavy particles
® reach up to ~2.5 TeV squarks/gluinos with 100 fb-!

®  Will repeat all searches, in particular inclusive channels
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